Key histidine residues in the nicotinic acetylcholine receptor.
Reactivity of histidine residues of the Discopyge tschudii nicotinic acetylcholine receptor was studied by reaction with DEP and the influence of their modification on functional properties of the receptor was evaluated. Determination of two kinetically distinguishable classes was achieved. The fast-reacting class is composed of 7 histidine residues with an apparent velocity constant k1 = 0.0248 +/- 0.0031 min-1. The second includes--at least--21 histidine residues with a velocity constant k2 = 0.0016 +/- 0.0009 min-1. The circular dichroism spectra of the native receptor and the most DEP-derivative indicate no significant modifications in the alpha-helix content, and fourth derivative spectroscopy analyses show that the environment around the aromatic amino acids remains unchanged. DEP treatment of the receptor results in a time- and reagent concentration-dependent loss of its alpha-bungarotoxin binding ability; these results agree with those obtained with the membrane-bound receptor. The decrease in the neurotoxin binding capacity was correlated with the DEP-reaction extent of the slow groups. Incorporation of 1.93 +/- 0.23 mol of DEP accounted for the maximal binding capacity drop, thus indicating the involvement of two histidine residues per alpha-bungarotoxin binding site. Neither amino groups nor tyrosine residues were modified during the reaction with DEP, indicating that the derivatization of histidine residues is responsible for the observed effect. Faster-reacting residues appear to be involved in agonist-induced ion flux through the nAChR channel. These results strongly support the connection between histidine residues and the receptor functional activity and lead us to infer that the changes observed in alpha-bungarotoxin binding and ionic channel capacity are the consequence of independent events induced by reaction with DEP.